Mission Rosetta to rendezvous with Jupiter-family comet 67P/Churyumov-Gerasimenko. The Rosetta mission represents the next step into the improvement of our understanding of comet nuclei naturally following the four successful comet nucleus fly-by missions carried out in the past. It will however not perform a simple fly-by at its target comet, but combines an Orbiter and a Lander Mission. The Rosetta spacecraft will go in orbit around the comet nucleus when it is still far away from the Sun, and escort the comet for more than a year along its pre-and post-perihelion orbit while monitoring the evolution of the nucleus and the coma as a function of increasing and decreasing solar flux input. Different instrumentations will be used in parallel, from multi-wavelength spectrometry to in-situ measurements of coma and nucleus composition and physical properties. In addition the Rosetta Lander Philae will land on the nucleus surface, before the comet is too active to permit such a landing (i.e. at around r = 3 AU) and examine the surface and subsurface composition as well as its physical properties. Two fly-bys at main belt asteroids have been scheduled for the Rosetta spacecraft during its journey to the comet. The first fly-by at E-type asteroid (2867) Steins was already successfully executed in September 2008. The second and main fly-by at asteroid (21) Lutetia is scheduled for July 2010.
Introduction
Cometary matter is believed to constitute a unique repository of information on the sources that contributed to the proto-solar nebula, as well as on the condensation processes that resulted in the formation of planetesimals, which later formed larger planetary bodies. Their high content of frozen volatiles and organics make comets particularly interesting in view to understanding solar system ices. However, it is these characteristics which make comets so difficult to study. Direct evidence on the volatiles in a comet nucleus is particularly difficult to obtain, as remote observations, even during fly-by missions, only cover species in the coma, which have been altered by physico-chemical processes such as sublimation and interactions with solar radiation and the solar wind. The Rosetta mission represents one possible solution to the problem by combining two strategies of characterizing the properties of a comet nucleus (Schulz, 2009) . The approach of a rendezvous mission with a probe staying close to the nucleus along a major part of the orbit and performing comprehensive remote-sensing and analytical investigations of material from the nucleus and the coma, guarantees by design minimal perturbations of the comet material as analyses are performed in situ, at low temperatures, and in a microgravity environment. Furthermore, nucleus material will be analysed in-situ by the instruments on board the Philae Lander at a time when the nucleus is still at a low state of activity.
Rosetta Mission
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Mission Overview
On 2 March 2004 Rosetta started its 10-year journey to rendezvous with Jupiterfamily comet 67P/Churyumov-Gerasimenko with an Ariane-5 launch from Kourou in French Guiana. To acquire sufficient orbital energy for being able to rendezvous with its target comet and go in orbit around the nucleus the spacecraft has performed four planetary gravity assist manoeuvres (Earth 4 Mar. 2005 , Mars 25 Feb. 2007 , Earth 13 Nov. 2007 , Earth 13 Nov. 2009 ). After the second and third Earth gravity assist there is a close fly-by of the spacecraft at a main-belt asteroid. The first of these close asteroid encounters took place on 5 September 2008, when Rosetta passed E-type asteroid (2867) Steins at a distance of 802.6 km (Schulz, 2009b) . On 10 July 2010 the spacecraft will fly-by (21) Lutetia, a large asteroid with an estimated diameter of 95 km which has been classified to be either of C-type or of M-type. After this second and last asteroid fly-by Rosetta will move into the outer solar system to rendezvous with its target comet at r = 4.5 AU in May 2014 and go into close orbit in September 2014, when the comet is at r = 3.4 AU and Δ = 2.8 AU. Rosetta will start the global observation and mapping of the nucleus during which the spacecraft will fly down to distances of a few kilometres from the surface. The landing of Philae on the surface of the comet nucleus is planned for 10 November 2014 when the comet is about 3 AU away from the Sun. After a five day prime Lander mission, both, the Orbiter and the Lander will enter the routine scientific phase, escorting the comet to perihelion (12 August 2015) and beyond. The nominal mission will end on 30 December 2015.
Spacecraft and Payload
The Rosetta spacecraft is a 3-axis stabilised aluminium box with dimensions of 2.8 × 2.1 × 2.0 metres. The scientific payload is on the top panel (Payload Support Module) either body mounted or attached to one of the deployable booms, while the subsystems are on the base panel (Bus Support Module). The steerable 2.2-m high-gain antenna and the Lander Philae are attached to two opposite sides of the spacecraft and the solar panel wings extend from the other two sides. In the vicinity of comet 67P/ChuryumovGerasimenko the scientific instruments on the orbiting spacecraft point almost always towards the comet, while the antenna and solar arrays point towards the Earth and the Sun. Each solar panel has a length of 14 m which results in a total area of 64 m 2 and a total span of 32 m from tip to tip. The total launch mass of Rosetta was estimated to be about 2900 kg including 1720 kg of propellant, 165 kg of scientific payload on the orbiter plus 110 kg for the lander Philae.
The payload of the Rosetta orbiter consists of 11 instruments (Table 1) which conjointly have unprecedented capabilities to study the volatile and the refractory material in the coma and the composition and physical properties of the comet nucleus. The remote sensing suite of instruments characterizes the nucleus surface in a wide wavelength range from the far-UV (70 nm) to millimetre (1.3 mm) with high spatial resolutions. On top of determining the size, shape, rotational state, and detailed surface topography the OSIRIS camera system also characterizes sublimation and erosion processes on the nucleus surface. The infrared imaging spectrometer VIRTIS focuses on the detection and characterization of specific signatures such as typical spectral bands of minerals and molecules, to identify and quantify different constituents of comet material. Together with the MIRO instrument it also studies the thermal evolution of the comet nucleus as a function of solar radiation input. MIRO determines at micro-wavelength the surface and near-surface temperatures as well as the temperature gradient in the nucleus. It also 314 R. Schulz measures outgassing rates and isotopic ratios of certain major volatile species by measuring their molecular transitions. The ultraviolet imaging spectrograph ALICE determines production rates of numerous atoms and gas molecules, studies small dust grains and ions in the coma, and characterizes the surface of the nucleus at UV wavelengths. Four instruments collect and analyse gas and dust samples from the inner coma focussing on different aspects. The ROSINA instrument measures the global molecular, elemental, and isotopic composition of neutral gas and ions by in-situ mass spectroscopy. The in-depth analysis of the dust coma is shared by three instruments. The Grain Impact Analyser and Dust Accumulator, GIADA explores the dust flux evolution and grain dynamic properties with position and time, while the secondary ion mass spectrometer COSIMA performs the in-situ compositional analysis of the coma dust including chemical characterisation of main organic components, present homologous and functional groups, as well as the mineralogical and petrographical classification of inorganic phases. The dimensions and microstructure of individual dust grains are determined by the MIDAS instrument, the first atomic force microscope on a space mission. The nucleus mass, bulk density, gravity coefficients, and moments of inertia are determined by radio science techniques (RSI) and the deep interior of the comet nucleus is investigated by radio sounding with the CONSERT instrument, which transmits long wavelengths radio waves through the nucleus. The comet plasma environment and its interaction with the solar wind is monitored in-situ by five sensors, which have been combined into one instrument suite sharing common subsystems and run by the Rosetta Plasma Consortium (RPC). The radiation environment is measured by a Standard Radiation Monitor (SREM). The Rosetta lander Philae carries another 10 scientific experiments (Table 2) and will perform the first in situ analysis of comet nucleus material. Philae investigates in-situ the composition and physical properties of the comet nucleus by measuring the elemental, molecular, mineralogical, and isotopic composition of surface and subsurface material down to a depth of about 20 cm, and determining the nucleus mechanical, electrical, and thermal properties. Also the nucleus close environment, its large scale structure, interior, and activity will be studied.
Detailed descriptions of the Rosetta payload can be obtained in Schulz et al. (2009 
Concluding Remarks
The Rosetta rendezvous mission to comet 67P/Churyumov-Gerasimenko determines the composition and physical properties of a comet nucleus through in-situ measurements and remote sensing observations. The evolution of the comet along the orbit around the Sun is investigated by monitoring the nucleus and the near-nucleus environment from a pre-perihelion distance of about 3.4 AU (orbit insertion) through perihelion passage at 1.24 AU and back out to about 2 AU post-perihelion. Rosetta studies how a comet nucleus develops its activity at large heliocentric distance and how such a process functions for high solar radiation close to the Sun. The chemical, mineralogical and isotopic composition of both, the comet nucleus (near the surface) and the inner coma is determined allowing identification and quantification of the chemical reaction chains by which the observed coma gas species are produced from the original icy material on the nucleus. The mission will provide information on "how a comet works" and lead us to a better understanding of the early solar nebula and the evolution of our planetary system. The study of the chemical and isotopic composition of the ices and the dust grains in the comet provides information on the processes through which these compounds formed and about pre-biotic chemistry. Rosetta help answering the question what role comets played in the evolution of life on Earth.
